A new species of Lygosoma (Squamata: Sauria: Scincidae) from the central Truong Son, Vietnam, with notes on its molecular phylogenetic position. -A new Lygosoma species is described from the Central Truong Son (Annamite mountain range) of Quang Binh Province, Vietnam. The description is based on a single female specimen, collected during the dry season in the karst forest of Phong Nha -Ke Bang National Park. The new Lygosoma differs from any other congener by the dorsal scales with pseudokeels in combination with a pair of frontoparietals; a scaly lower eyelid; seven supralabials; seven infralabials; 32 midbody scale rows; 66 mid dorsal (paravertebral) scales; smooth ventral scales, arranged in 81 transverse rows; 108 smooth, not enlarged median subcaudal scales; the fourth toe with 14 keeled subdigital lamellae; a reddish brown to brownish black dorsum and an orange-yellowish to greyish ventral side in life; as well as greyish black edged sutures of anterior supra-and infralabials. The new Lygosoma species is the third karst-adapted scincid species that has been described from Phong Nha -Ke Bang National Park since 2005. A first molecular positioning of the new species within the genus Lygosoma is given as well as a key to the Vietnamese Lygosoma species.
INTRODUCTION
During recent herpetofaunal investigations in the Phong Nha -Ke Bang National Park, Central Truong Son (Annamite mountain range) of Quang Binh Province, in Central Vietnam (e.g., Ziegler & Herrmann, 2000; Ziegler & Le, 2005 Ziegler et al., 2004 ) a remarkable scincid lizard was collected. At first glance, the specimen appeared with its apparently keeled dorsal scales to be another representative of Lygosoma carinatum, that was described a decade ago by Darevsky & Orlova (1996) based upon two specimens from the "Tau Nguen (sic)" (= Tay Nguyen) plateau in Kon Tum Province, Vietnam. However, as is pointed out in detail below, our investigations showed the dorsal keels to be pseudo-keels in fact. In addition, the single specimen found by us showed a distinctly differing pholidosis, i.e. larger body scales, resulting in distinctly lower midbody, middorsal, and ventral scale counts compared to L. carinatum, and differed as well from the remaining Lygosoma (and Riopa) species listed in Nguyen et al. (2005) for Vietnam. It must be noted that there exists quite some confusion concerning the assignment of species to the genera Lygosoma Hardwicke & Gray, 1827 and Riopa Gray, 1839, respectively. While Riopa was long considered as a valid genus (e.g., Smith, 1937; Mittleman, 1952) , Greer (1977) carried out a careful morphological revision and as a result has synonymized the genus Riopa with Lygosoma. This author gave a missing "close ecological and morphological continuity among [the genus] own species and sharp ecological and morphological discontinuity from its near relatives" as the main reason to place Riopa (together with other proposed skink genera) into the synonymy of Lygosoma. But this assignment has not been unambiguously followed since. Some more recent authors such as Manthey & Grossmann (1997) again list specimens that bear supranasals under Riopa, while others either follow Greer (1977) and accept the synonymization of Riopa with Lygosoma or simply do not distinguish between both genera (e.g., Honda et al., 2003) . A solution to this problem cannot be provided in the framework of this paper and should be treated in a comprehensive phylogenetic approach, preferably based on modern molecular analyses. We preliminarily follow in this paper the definition of Greer (1977) and consider Riopa as a synonym of Lygosoma. As our specimen was neither assignable to any of the other scincid genera listed by Nguyen et al. (2005) for Vietnam (Dasia, Emoia, Eumeces, Leptoseps, Lipinia, Eutropis [see Mausfeld et al., 2002 and Schmitz, 2003 on the split of Mabuya sensu lato and the resulting nomenclatural changes], Paralipinia, Scincella, Sphenomorphus, Tropidophorus, and Vietnascincus), nor to any of the described Lygosoma (or 'Riopa') species from Vietnam or its neighbouring countries (Bourret, unpubl.; Manthey & Grossmann, 1997; Darevsky & Orlov, 1994 , 2005 , we describe it herein as new.
MOLECULAR METHODS
To support our morphological results molecular data were collected to identify the phylogenetic position of the new species in a general framework of related species of the genus Lygosoma (including its supposed synonym Riopa). We sequenced a portion of the mitochondrial 16S rRNA gene and compared it with the following species, some of which are also present in the key to the Vietnamese species (see below): Lygosoma quadrupes (type species of the genus Lygosoma), L. albopunctatum, and Lygosoma sp. (India). Further, we included specimens from several localities of L. koratense (2) , L. lineolatum (2; used as outgroups), and the widespread L. bowringii species-complex (3). For GenBank accession numbers see Table 1. DNA was extracted from the tissue samples using QuiAmp tissue extraction kits (Quiagen) or a modified Chelex-Protocol (Walsh et al., 1991; Schmitz, 2003) . The primers 16sar-L (light chain; 5' -CGC CTG TTT ATC AAA AAC AT -3') and 16sbr-H (heavy chain; 5' -CCG GTC TGA ACT CAG ATC ACG T -3') of Palumbi et al. (1991) were used to amplify a section of the mitochondrial 16S ribosomal RNA gene. PCR cycling procedure followed Schmitz et al. (2005) . PCR products were purified using Qiaquick purification kits (Qiagen). Sequences (including complimentary strands for assuring the accuracy of the sequences) were obtained using an automatic sequencer (ABI 377). The obtained sequences (lengths referring to the aligned sequences including gaps) comprised 548 bp. Sequences were aligned using ClustalX (Thompson et al., 1997; default parameters) and manually checked using the original chromatograph data in the program BioEdit (Hall, 1999) . We used PAUP* 4.0b10 (Swofford, 2002) to compute the uncorrected pairwise distances for all sequences.
We performed maximum parsimony (MP), maximum likelihood (ML), Neighbor-joining (NJ) and Bayesian (PP) reconstructions. For ML and Bayesian analysis parameters of the model were estimated from the data set using Modeltest 3.7 (Posada & Crandall, 1998) and MrModeltest 2.2 (Nylander, 2005) , respectively. The NJ-analysis used the uncorrected 'p-distances'. Additionally, we used bootstrap analyses with 2000 (MP and ML) and 20000 (NJ) pseudoreplicates to evaluate the relative branch support in phylogenetic analysis. For the MP analysis, we used the "heuristic search" with the "random addition" option of PAUP* (Swofford, 2002) with 10 replicates, using the TBR (tree bisection-reconnection) branch swapping option. All Bayesian analyses were performed with MrBayes, version 3.0b4 (Huelsenbeck & Ronquist, 2001) . We ran two MCMC analyses for 10 6 generations each. The initial 100000 (10%) trees were disregarded as "burn-in". We consider probabilities of 95% or greater to be significantly supported. The exact parameters used for the Bayesian analyses followed those described in detail by Reeder (2003) . vative, the surfaces of the limbs and tail being brownish black; ventral side yellowish beige to greyish below the tail in preservative, with some indistinct dark marbling; in life, chin and throat are light orange and the remaining ventral side of the body cream to light brownish, turning to greyish at the underside of the tail; sides of body and neck with irregular dark flecking; sutures of anterior supra-and infralabials edged by greyish black; (4) rostral separated from undivided frontonasal by supranasals (5) prefrontals widely separated; (6) parietals forming a suture behind interparietal, no enlarged nuchals; (7) four supraoculars; bordered by six supraciliaries; posteriorly, the fourth supraocular is bordered by a small scale (postsupraocular); (8) lower eyelid scaly; (9) two loreals; (10) seven supralabials, fifth right below the eye; (11) seven infralabials; (12) postmental undivided; (13) first pair of chinshields in broad contact, bordered by six scales; (14) ear opening small, ovoid to roundish; (15) 32 midbody scale rows; (16) 66 middorsal (paravertebral) scales (from the posterior end of parietals to insertion of hindlimb); (17) dorsal and dorsolateral scales notched, appearing as three longitudinal (pseudo-)keels on neck, body, and anterior half of tail; (18) ventral scales smooth, arranged in 81 transverse rows from first gular row between third pair of chinshields to preanals; (19) six slightly enlarged preanals; (20) 108 median subcaudal scales, not enlarged, smooth; (21) fourth toe with 14 keeled subdigital lamellae. DESCRIPTION OF HOLOTYPE: Female specimen, for measurements see Table 2 . Body elongate, the distance between axilla (end of forelimb) and groin (insertion of hindlimb) slightly more than 3 times the length of the forelimb. Forelimb and hindlimb short, pentadactyl. Fingers and toes widely separated when adpressed, the distance between them corresponding to the length of the hindlimb. Head only slightly set-off from neck, snout rounded. Rostral wider than high, visible from above. A pair of supranasals, somewhat wider than long, forming a distinct median suture, touching nasals and anterior loreal laterally. Prefrontals widely separated, touching both loreals laterally. Frontonasal wider than long, in contact with supranasals, anterior loreals, prefrontals, and frontal. Frontal large, longer than its distance to tip of snout, narrowing posteriorly, in contact with frontonasal, prefrontals, first supraciliary, first and second supraoculars, and frontoparietals. A pair of frontoparietals, about as wide as long. Parietals forming a suture behind the interparietal, that is longer than wide, smaller than frontal and narrowing posteriorly. Small transparent spot on interparietal, showing location of parietal foramen. No distinctly enlarged nuchal scales. Nostril piercing nasal, that is in contact with rostral, first supralabial, anterior loreal, and supranasal. Two loreals, anterior the higher (bordering nasal, first and second supralabials, posterior loreal, prefrontal, frontonasal, and supranasal), posterior the longer. The posterior loreal is in contact with the first supraciliary, the prefrontal, the anterior loreal, the second and third supralabials, and is bordered behind by two large preoculars. The upper one of these large preoculars is posteriorly bordered by a somewhat Darevsky & Orlova, 1996) . SVL: snout-vent length (from snout tip to cloaca); TaL: tail length (from cloaca to tail tip); TL: total length; HL: head length (distance from snout tip to posterior margin of interparietal); HW: maximum head width; SL: maximum snout length (from tip to anterior margin of the eye); ET: maximum eye to tympanum length (from hind margin of the eye to anterior border of tympanum); TW: maximum tympanum width; SFl: maximum snout to forelimb length; AG: maximum axilla to groin length; FlL: maximum forelimb length (from body insertion to beginning of claw of fourth finger); HlL: maximum hindlimb length (from body insertion to claw of fourth toe); IL: Infralabials; MB: midbody scale rows; MD: middorsal scale rows (from posterior end of parietals to insertion of hindlimb / to centre of thigh / and to posterior hindlimb); V: transverse rows of ventral scales (from first gular row subsequent to first pair of chinshields to preanals); MSS: median subcaudal scales; L4T: Lamellae beneath fourth toe. smaller preocular, that touches the first and second supraciliary above; the lower one of the large precoculars is posteriorly bordered by a somewhat smaller, more elon gated preocular (presubocular), that is in broad contact below with the fourth supralabial and further touches the corner of the fifth supralabial. Lower eyelid scaly. Supraoculars four, plus one small posterior supraocular (postsupraocular: small scale posterior to the supraocular series). Supraoculars laterally bordered each by six supraciliaries. Three large postoculars, the upper one bordering the postsupraocular above, the lower one (postsubocular) borders the fifth and sixth supralabials below. Ear opening small, ovoid to roundish. Seven supralabials, fifth right below the eye. Mental in contact with first infralabials and postmental. Undivided postmental in contact with mental, first and second infralabials, and first pair of chinshields. First pair of chinshields in broad contact, posteriorly bordered by six scales. Seven infralabials. 32 midbody scale rows. 66 middorsal (paravertebral) scales from posterior end of parietals to insertion of hindlimb (70 to centre of thigh, 72 to posterior hindlimb). Dorsal and dorsolateral scales smooth, appearing as three longitudinal (pseudo-)keels on neck, body, and anterior half of tail. Although visual inspection and the macro-photograph of the dorsal midbody scales of the holotype indicates a keeled appearance of the scale surfaces (Fig. 9) , the SEM (scanning electron microscopy) pictures revealed that the scales bear in fact only pseudo-keels (Fig. 10) . Contrary to its naming by Darevsky & Orlova (1996) , the same is actually true for the holotype of L. carinatum (Fig. 11) .
RESULTS AND DISCUSSION

Lygosoma boehmei
Dorsal body scales of the holotype of L. boehmei sp. n. as large as ventrals. Ventral scales smooth, arranged in 81 transverse rows from first gular row subsequent to first pair of chinshields to preanals. Six slightly enlarged preanals. 108 median subcaudal scales (without tail tip), not enlarged, smooth. Fourth toe with 14 keeled subdigital lamellae.
Colour in preservative brownish grey on dorsal and dorsolateral surfaces of head and body, the surfaces of the limbs and tail appear brownish black. Especially the dorsal scales are distinctly edged by brownish black. Except for the somewhat darker tail, the lateral parts of the tail base, body, neck and head become lighter. The light ventral side is yellowish beige (lightest below head and neck) to greyish below the tail with some indistinct dark marbling. Sides of body and neck with irregular dark flecking. Sutures of anterior supra-and infralabials edged by greyish black. In life, the dorsal colour is reddish brown. Chin and throat are light orange and the remaining ventral side of the body is cream to light brownish, turning to greyish at the underside of the tail.
COMPARISONS:
The new species is easily distinguishable from the skink species listed in the genera Lygosoma and Riopa known to occur in Vietnam (Darevsky & Orlova, 1996 , Nguyen et al., 2005 by a combination of proportions, coloration and scalation features (Table 3 ). The new species differs:
from Lygosoma carinatum by having seven infralabials instead of six lower labials, 32 midbody scale rows instead of 38-40, and only 66 middorsal (paravertebral) scales instead of 81-85 according to Darevsky & Orlova (1996) . However, our study of the holotype of L. carinatum revealed that the specimen only bears 6 infralabials on the right side, but 7 on the left (see Table 2 ); the holotype of L. carinatum further had 92 transverse rows of ventrals (instead of 81 in the new species), 115 median subcaudal scales (instead of 108), 16 keeled subdigital lamellae beneath the fourth toe (instead of 14), and the holotype of L. carinatum had an enlarged nuchal scale on the left side; from L. quadrupes by lacking an extremely elongate body (the length of the forelimb is not contained twelve to fourteen times in the distance between the fore-and hindlimbs), by the rostral not being in contact with the frontonasal, by having 32 midbody scale rows instead of 24-26, by having 14 instead of 5 lamellae beneath the fourth toe, and by lacking the tail being as thick as the body for a considerable part of its length (Smith, 1935) ; from L. ('Riopa') punctatum by lacking a lower eyelid with an undivided semitransparent disc, smooth dorsal scales, by having 32 midbody scale rows instead of 24-28, and by lacking dorsal scales with a dark basal spot, usually confluent into four to six longitudinal lines down the back in the young (Smith, 1935) .
from L. ('Riopa') albopunctatum by having 32 midbody scale rows instead of 26-28, lacking dark brown or black sides of neck and anterior part of the body, and by lacking smooth dorsal scales with a dark spot, forming longitudinal series (Bourret, unpubl.; Smith, 1935) ; from L. angeli (as 'Riopa angeli' in Bourret, unpubl.; Nguyen et al., 2005) by lacking a single frontoparietal, having 32 midbody scale rows instead of 30, having pseudo-keeled dorsal scales, 66 middorsal (paravertebral) scales instead of 110-115 scales down the middle of the back, and by having 14 instead of 5 lamellae beneath the fourth toe (Bourret, unpubl.; Darevsky & Orlova, 1996) . from L. bowringii (as 'Riopa bowringi' in Smith, 1935 , and as Riopa bowringii in Nguyen et al., 2005) in lacking a single frontoparietal and a pair of nuchals, by having 66 middorsal (paravertebral) scales instead of 52-58 scales down the middle of the back, by lacking smooth dorsal scales with a darker spot forming more or less conti nuous longitudinal lines, and by lacking a dark brown or black dorso-lateral stripe of variable thickness, light-edged above (Bourret, unpubl.; Smith, 1935; Darevsky & Orlova, 1996) ; from L. corpulentum (as 'Riopa corpulenta' in Smith, 1935; Nguyen et al., 2005) in having seven supralabials (vs. six in corpulentum), pseudo-keeled dorsals (vs. smooth body scales in corpulentum), 32 midbody scale rows instead of 36-38, and in coloration and pattern (Lygosoma corpulentum is light yellowish-brown and thickly mottled on the back and sides with dark brown) (Smith, 1935; Darevsky & Orlova, 1996) .
From the Lygosoma / Riopa species of the neighbouring countries, the new species differs [e.g. comp. Bourret (unpubl.) ; Werner (1909) ; Smith (1935); Taylor (1963) ; Manthey & Grossmann (1997) ] by lacking lower eyelids with disc in combi-TABLE 3. Overview of supralabial (SuL), midbody scale (MbS), and middorsal (MdS) scale counts, as well as presence of dorsal keels or pseudo-keels (DK: +/-) and number of lamellae beneath fourth toe (L4T) for the Lygosoma / Riopa species recorded from Vietnam (after Bourret, unpubl.; Smith, 1935; Taylor, 1963; Darevsky & Orlova, 1996; Manthey & Grossmann, 1997, and own data nation with 22 smooth midbody scale rows, only 6-10 lamellae under the fourth toe, and more or less developed dorso-lateral line (as in the species anguinum and lineolatum), by lacking a single frontoparietal in combination with a) supranasals fused anteriorly with nasals, and 88-98 middorsal scales (as in isodactylum), b) in combination with 40-42 midbody scale rows, and 143 middorsal scales (as in haroldyoungi), or c) in combination with 28-30 midbody scale rows, 56-60 middorsal scale rows, 78 slightly enlarged median subcaudal scales, and dorsolateral lines (as in frontoparietale), by lacking a combined nasal-supranasal scale in combination with eight supralabials and smooth dorsals (as in koratense), by lacking a midbody scale count of 26-30 in combination with six infralabials, 55-57 middorsal scales and a more or less developed stripe from eye along side of body (as in herberti), and by having different midbody scale counts from the Indonesian species bampfyldei (38-40) and opisthorhodum (30), the latter of which has in contrast a light lateral stripe and a blackish brown anterior dorsum, which is getting paler backwards and turning to a light reddish brown tail.
DISTRIBUTION: Currently, the new species is only known from its type locality, the karst forest of Cha Noi, 350-400 m a.s.l., within Phong Nha -Ke Bang National Park in Quang Binh province, central Vietnam (Fig. 12 ).
NATURAL HISTORY: The female holotype of Lygosoma boehmei sp. n. was discovered at night on the forest ground in a steep primary karst forest area (compare Fig. 13 ). We did not find any water courses in the immediate vicinity, however, the discovery took place at the end of the dry season. The skink was found crawling at the base of a tree stump in the surrounding of karst rock outcrops (Fig. 14) .
The stomach content of the holotype of Lygosoma boehmei sp. n. contained brown earth-like masses, plant and tissue remains which most probably come from an earth-worm. Lygosoma boehmei sp. n. is the third scincid species that has been described from the karst forests of Phong Nha -Ke Bang National Park since 2005 (Darevsky & Orlov, 2005; ; the discovery of the new species took place at the locus typicus of the recently discovered water skink species Tropidophorus noggei (see .
Since L. carinatum, the supposed closest relative of L. boehmei sp. n. could not be included in the molecular data set (the former species is only known from the type series), we could not make a direct genetic comparison of all Vietnamese Lygosoma species (but compare the morphological discussion). Therefore, we decided to analyze the phylogentic position of L. boehmei sp. n. within the general framework of the taxa of the genus Lygosoma.
All molecular analyses produced an almost identical tree topology shown in Figure 15 model showed that the TRN+I+G model (Tamura & Nei, 1993) was determined to be the optimal ML model for data set. This model incorporates unequal base frequencies [π (A) = 0.3461, π (T) = 0.2335, π (C) = 0.2448, π (G) = 0.1756], a proportion of inva riable sites (I = 0.4165), and a gamma distribution shape parameter (α = 0.2513). The optimal ML tree had a log-likelihood of -lnL = 1766.91104.
The resulting tree shows three clearly separated groups with the two specimens of L. lineolatum genetically well separated from the rest of the included species; this was true even when these two OTUs were included as ingroup taxa and a different outgroup was used. The newly described Lygosoma boehmei sp. n. is consistently placed into a second clade, which also includes the type species of the genus Lygosoma (L. quadrupes), as well as the two L. koratense specimens from Thailand and Malaysia (whose sequences showed a 100% identity despite coming from two different countries). This whole clade is strongly supported in all used analyses methods (MP: 86 / NJ: 84 / ML: 94 /PP: 1.00) and shows that L. boehmei sp. n. is a true member of the genus Lygosoma, regardless of the ongoing discussion on the validity of the genus Riopa (see Introduction). Lygosoma boehmei sp. n. stands basal to the other OTUs of this clade, but a definitive polarity decision cannot be made with our data set. The genetic differences between the different species of this clade varied from 6.8%-8.5%. L. boehmei sp. n. is also well separated from the members of the third recovered clade, which includes all three specimens of the L. bowringii species complex as well as Lygosoma sp. and L. albopunctatum (both from India). The genetic differences between the taxa of this third clade were similar to those found in the second clade and varied from 6.4%-9.5%. Regarding the distances between the two clades one finds that they are normally slightly higher than the distances within the two clades (9.4%-11.7%), but this is not completely consistent since the genetic distance of one of these species (L. boehmei sp. n.) towards the taxa of the third clade is in the range of or even slightly lower (8.1%-9.2%) than the maximum inter-clade differences mentioned above. Also we found that in some cases the genetic differences between geographically close taxa are not necessary lower than those living in far-away habitats (e.g. L. boehmei sp. n.-L. lineolatum and L. boehmei sp. n.-L. koratense; Table. 4). This shows that a subdivision of the genus Lygosoma would need to be based on a rather complete taxon sampling, since our preliminary molecular data already indicate a rather complicated intrageneric structure within Lygosoma. One further notable result is that (equal as shown in our key to the Vietnamese Lygosoma species where the L. bowringii species complex is found on two different positions in the key) the genetic analyses also strongly support that L. bowringii is a species-complex which comprises at least 2 different taxa. The recovered genetic difference between the two different specimens from Thailand is 6.4% and therefore has about same amount of genetic divergence as between other Lygosoma species, and the new L. boehmei sp. n. is about equidistant with all three included L. bowringii taxa (8.1%-8.6%).
KEY TO 
